in the exposure of subendothelial tissue factor to plasma factor VII, which ultimately leads to fibrin formation. Platelets immediately form a plug at the site of injury, and then additional coagulation factors or clotting factors beyond factor VII respond in a complex cascade to form fibrin strands, which strengthen the platelet plug. 10 The system of coagulation in humans has been extensively studied and is the best understood. The most common coagulation indices in clinical practice include plasma prothrombin time (PT), international normalized ratio (INR), fibrinogen (Fbg), activated partial thromboplastin time (APTT), and thrombin time (TT).
The mechanisms of coagulation include activation, adhesion, and aggregation of platelets along with deposition and maturation of fibrin. However, the mechanisms of paraquat poisoning are unclear to date. The generation of free radicals, oxidative stress, and secondary effects of oxidative stress have been reported to be associated with tissue injury. Redox reaction by reactive oxygen species and lipid peroxidation of cellular membranes are widely regarded as the mechanisms responsible for PQ intoxication. 7, 11 Some studies have shown that PQ poisoning can cause the dysfunction of coagulation and fi- [16] [17] [18] [19] Some studies using animal models suggest that PQ poisoning can cause coagulation dysfunction, although there is a lack of detailed research on the effects and extent of PQ toxicity with respect to human coagulation function. While we already know that acute PQ poisoning can cause human blood coagulation dysfunction, the possible relationship between the ingestion dose and the severity of coagulation dysfunction are still unclear. In addition, there is less research evaluating the association between coagulation function and prognosis in patients with paraquat poisoning. Therefore, this study focuses on the possible mechanism and relationship between coagulation function and outcomes of paraquat intoxication.
| MATERIAL S AND ME THODS

| Patients
Patients were admitted to the emergency room of the First Affiliated Hospital, College of Medicine, Zhejiang University between January 2012 and December 2016. In total, 235 patients with acute oral intake of PQ within 24 hours of admission were enrolled in this study.
Patients who met the following criteria were excluded: a history of hypertension (n = 15), hepatic failure (n = 4), renal failure (n = 1), tumor (n = 0), cardiac insufficiency (n = 2), diabetes (n = 4), and/or pregnancy (n = 0). Therefore, there were 209 remaining patients included in the present study.
This study was approved by the Institutional Research Ethics
Committee of the First Affiliated Hospital of Zhejiang University and performed in accordance with the principles embodied in the Declaration of Helsinki. Written informed consent was obtained from all subjects prior to participation.
| Treatment protocol
All patients were treated according to guidelines published by the China Physician Association (2013 version). 20 All subjects received a single gastric lavage regardless of whether they had been previously lavaged after exposure. A few hours later after admission to the emergency room, hemoperfusion was performed and repeated once a day for at least 3 days.
Hemofiltration was performed when acute renal failure occurred. Other treatment modalities such as immunosuppressive treatment (methylprednisolone, cyclophosphamide, and dexamethasone), prevention and treatment of inflammation, and protection of vital organs were implemented for each patient. In this study, we set the end of follow-up to 45 days.
The follow-up period for each patient began at the time of admission and ended for overall survival at the occurrence of death, self-withdrawal from the study, or on September 18, 2016, whichever came first.
| Laboratory analysis
Blood samples were drawn within 24 hours after admission, and then continuously collected at least once a day in the following week. Routine laboratory analysis included coagulation indices such as prothrombin time, activated partial thromboplastin time, thrombin time, fibrinogen, and D-dimer tests. All of the coagulation index tests were analyzed using a Sysmex CS-5100 coagulation analyzer (Sysmex, Kobe, Japan).
| Statistical analysis
Data were expressed as mean ± standard deviation or as a percentage. Each variable was compared with respect to death and survival.
The mean values of each item between 2 groups were compared using Mann-Whitney U test, and the chi-squared test was used for comparing distributions among groups. Survival curves were estimated using the Kaplan-Meier method and compared using the logrank test. Univariate and multivariate Cox regression analyses to determine predictors of 40-day mortality were presented as hazard ratios with a 95% confidence interval. All tests were two-tailed; P values <.05 were considered to indicate statistical significance. All statistical analyses were performed with IBM SPSS (version 20) for
Microsoft Windows (SPSS, Inc., Chicago, IL, USA).
| RE SULTS
| Patient characteristics
In our study, 209 patients with paraquat poisoning were enrolled.
The clinical characteristics on admission of the patients are summarized in Table 1 . Ingestion volume, PT, and APTT were significantly different between the groups. In addition, we divided the patients into 2 groups based on the ingestion volume of 30 mL. The PT and APTT values in the ≥30 mL group were significantly greater than in the <30 mL group, as can be seen in Figure 1A ,B (both P < .01).
| Dynamic changes in the coagulation index in the ensuing week after admission
Data on coagulation indices were collected continuously in these patients within 1 week of admission; the corresponding data and trend diagram are shown in Figure 2 . A significant difference in dynamic changes with respect to PT, APTT, and Fbg were observed between the 2 groups (both, P < .05). Within 1 week of admission, PT and APTT values gradually decreased, while Fbg levels gradually increased.
| Risk factor analysis for 40-day mortality
As shown in Table 2 , univariate and multivariate Cox regression analysis indicated that sex, ingestion volume, and PT were independent predictors of mortality within 40 days.
| Kaplan-Meier survival test
We compared the survival time of patients using a 12-second PT as a cut-off value. It was found that patients with a PT value over 12 seconds had a poorer survival time as compared with those with a less than 12-second PT in the follow-up period (log-rank χ 2 = 11.474, P = .001) ( Figure 3A) . Similarly, we also compared the survival times between the groups divided by ingestion volume and gender. The results showed that the survival rate of the high dose group (≥30 mL)
was much lower than that of the low dose group (<30 mL) (log-rank, χ 2 = 105.583, P < .001) ( Figure 3C ). The survival rate of male patients in PQ poisoning was lower than that of female patients (logrank, χ 2 = 8.584, P = .003) ( Figure 3B ). Data are means ± SD for death group (n = 90) and survival group (n = 119) of paraquat poisoning patients. APTT, activated partial thromboplastin time; Fbg, fibrinogen; PT, prothrombin time; TT, thrombin time.
| D ISCUSS I ON
TA B L E 1 Characteristics of 209 paraquat poisoning patients on admission F I G U R E 1 Comparison of prothrombin time and activated partial thromboplastin time with respect to the distinct ingestion volume groups included amylase, white blood cells, pO 2 , and some fibrinolytic system markers. However, few studies have focused on the changes in routine coagulation function and their relationship with prognoses of paraquat poisoning patients. Therefore, our study aimed to find some coagulation parameters that could be used to predict the clinical prognoses or outcomes of patients with paraquat poisoning.
In much of the previous studies, it has been reported that one mechanism of paraquat-induced toxicity is through the generation of free radicals as well as oxidative stress. Redox cycling and subsequent generation of highly reactive oxygen species (ROS) are the main features after ingestion. [20] [21] [22] [23] When paraquat is metabolized by several enzyme systems, it generates a large quantity of superoxide
) which gives rise to the formation of the hydroxyl free radicals (HOs), leading to oxidative damage and apoptosis . [24] [25] [26] The concentration of PQ in the plasma of patients with PQ poisoning peaks within 2-4 hours of oral administration, 27, 28 and can remain at a relatively constant concentration for several days. As the lung is a highly vascularized tissue, with active uptake and enrichment of PQ in lung tissues during this period, the concentration of PQ in the lung continues to rise and reaches levels several times the plasma concentration. 29 Therefore, the lung is usually the most seriously injured organ in PQ poisoning patients. Our results showed that both PT and APTT values ( Figure 1 ) were significantly higher in the high dose ingestion (≥30 mL) group than in the low dose ingestion (<30 mL) group (both P < .01), TA B L E 2 Risk factors for mortality within 40 days using Cox regression analysis suggesting that coagulation dysfunction is associated with dosage of PQ in poisoned patients. Similarly, it was also observed that daily PT values (Figure 2A ) in the death group were significantly higher than those in the surviving group within 7 days of admission (P < .05), with significant differences between the 2 groups (P < .01). At the same time, observing the comparison of PQ intake dose between the 2 groups (Table 1) , we can easily conclude that high doses of PQ may induce severe coagulation dysfunction, which may in turn affect the survival of patients with PQ poisoning (P < .001). Furthermore, using univariate and multivariate Cox regression analyses (Table 2) , it was also found that PT was an independent risk factor predicting 40-day mortality in patients with PQ poisoning. The explanation for this phenomenon may be related to injury of the pulmonary endothelial cells due to PQ, which results in the release of large amounts of tissue factor and von Willebrand factor into the blood to activate the extrinsic coagulation pathway. We suggest that this result may be similar to the mechanism by which other factors induce pulmonary endothelial cell injury, leading to dysfunction of the extrinsic coagulation pathway. showed that low-molecular-weight heparins combined with aspirin anticoagulant therapy for paraquat poisoning could significantly improve the coagulation dysfunction caused by paraquat and reduce paraquat-induced acute lung injury. However, we did not find a clear relationship between changes in D-dimer levels and patient survival in our study. This may be due to the difference between the previous studies and the status of disease progression in human pulmonary fibrosis induced by paraquat.
Univariate and multivariate Cox regression analyses showed that the PT value, PQ ingestion volume, and sex were independent risk factors for predicting 40-day mortality. We can clearly observe from the Kaplan-Meier survival curve analysis that 40-day survival was significantly lower in patients with PT values above 12 s ( Figure 3A ).
This may provide new treatment options and ideas for treating acute lung injury caused by paraquat poisoning. High ingestion volume F I G U R E 3 Kaplan-Meier survival curves with respect to the groups divided by prothrombin time, sex, and ingestion volume in patients with paraquat poisoning showed a significant positive correlation with mortality ( Figure 3C ), and the survival in male group was significantly lower than that in female group ( Figure 3B ). We further compared PQ ingestion volumes between the groups divided by sex; the results showed that the ingestion volume of the male group (66.24 ± 14.05 mL) was significantly higher than that of the female group (30.19 ± 4.77 mL) (P = .003). This may be one of the reasons why the survival in male group was significantly lower.
There were some limitations in our study. First, this study was a retrospective analysis; we could thus only obtain results from routine coagulation index tests in patients with PQ poisoning from clinical data, but not information on the influence of PQ on the levels of clotting factors. In this regard, we will conduct further studies in our future work. Second, we did not know the exact PQ concentrations in the patients' blood, as the PQ poisoning cases were included only on the basis of oral PQ intake history. While the predictive value of plasma PQ concentration has been reported in the literature on patients with acute PQ poisoning, 4,34 concentration values are not commonly available in the emergency room due to limited medical equipment. 35 
| CON CLUS ION
In summary, the coagulation status in patients with PQ poisoning was closely related to their prognoses. Routine monitoring of coagulation function, especially the PT value in plasma, is helpful for analysis of the condition and prognoses of patients with PQ poisoning.
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